Abstract: This study is concerned with the evaluation of the status of operations research (OR) practice, training and its diffusion into Jordanian industrial shareholding companies. The purpose of such an evaluation is to explore the level of OR awareness. To discover the extent of acceptance and implementation of OR and the adequacy of computing and training facilities in OR. It also attempts to identify the obstacles to the wider adoption of OR. The methodology for the study is essentially based upon a questionnaire that was directed to the practitioners of OR in all Jordanian industrial shareholding companies (86 companies) during summer 2003. The study concludes that the level of OR awareness, and usage in the companies is low. Also, there is a lack of specialised personnel, computer usage and OR departments. Moreover, the study concludes that many barriers are hindering the wider adoption of OR in the companies investigated.
Introduction
The business world is complex and this situation complicates decisions and the decisionmaking process. The context of decision making is changing rapidly. Developments in technology require changes in the practice of management. Complex technological contexts, with more alternatives, much more uncertainty and higher costs for errors make it harder and more risky to rely on intuitive decision making. The decision makers have a good opportunity of making more reliable decisions by employing suitable quantitative tools.
Operations research (OR) can provide these quantitative procedures, processes and techniques. Decision makers are realising that a combination of quantitative and qualitative methods are necessary nowadays in order to reach a successful solution of OR problems (Dennis and Dennis, 1991, p.3) . The fact that organisations do not have unlimited resources make it necessary for companies to adopt and use scientific methods. OR is probably the most relevant set of tools for this purpose. This was confirmed by Sagasti (1972) , who found that the most important reason for promoting the use of OR in developing countries was the general lack of resources, particularly human and financial. This motivates a demand for using these techniques more efficiently. It should be noted that the virtual explosion in computing power has given an impetus to the utilisation of these procedures. Although, the origins of OR go back much earlier, it is generally agreed that the discipline was first most actively used during World War II. These techniques were then transferred to other sectors and successfully applied to civilian problems. Today, many large industrial firms, financial institutions and government agencies have permanent OR staff. Whereas, smaller organisations often contract with external consultants to perform any OR analysis desired .
There have been a number of OR studies carried out in developing countries during the past few decades. The results of these studies are particularly important, because they provide status reports about where the individual countries stood. Some of the studies are of an empirical nature, for instance Pappis (1981) and Pappis et al. (1988) in Greece, Kurtulus (1983) in Turkey, Leung et al. (1983) and Sculli and Yau (1986) in Hong Kong, Kwong (1986) in Malaysia and Singapore, Kao and Liu (1997) , and Chen and Wei (2002) in Taiwan, Kivijarvi et al. (1986 Kivijarvi et al. ( , 1995 in Finland and Ehie and Smith (1994) in Nigeria. Whilst in Arab countries, Yousef (1991) with Kemp and Yousef (1995) in the United Arab Emirates, Ahsonah (1994) in Libya. In Jordan, the country studied here (Ahmad, 1998; Al-Shaikh and Al-Shammari, 1995; Al-Tarawneh, 1996) have previously reported. It is noted that most published works on OR practice in developing countries were written in the 80s. While it started earlier in developed countries, for example, the early 50s. The lack of OR knowledge and lack of accurate and reliable data have been cited as the most frequently encountered difficulties in utilising OR in developing countries. Some of the studies reported that the use of OR may enhance economic development in developing countries, if properly adapted to the local needs and social settings of these countries. In previous studies, it was found that linear programming was the most frequently used technique whilst production management was the most popular area of OR application.
In addition to the previous empirical works, some studies of a non-empirical nature have been carried out in developing countries. Examples are Kemball and Wright (1981) , Mytton and Sutton (1986) , Ravn and Vidal (1986) and Affleck et al. (1987) . Sagasti (1972) examined the development of OR/Management Science (MS) in Peru. In India, Bandyopadhyay (1980) and Datta and Bandyopadhyay (1994) . In Bangladesh, Rahman and Smith (1990) . Kan (1986) and Li et al. (2000) described OR activities in China. In Taiwan, Lee (1986) . In Korea, Tcha (1991) . Two studies were conducted in South Africa; the first was carried out by Fatti (1988) and the other by Stewart (1995) . In Nigeria, Foster (1986) and Ogbu and Smith (1990) . In Greece, two papers were published; the first by Papageorgiou (1986) and the second by Pappis and Dimopoulou (1995) . Olafsson (1995) reviewed OR practice in Iceland. In Hungary, Harnos (1995) . In Portugal, Guimaraes and Themido (1995) . In Spain, Lopez and Pastor (1995) . In the Czech Republic, Manas (1995) . Barton (1988) discussed the practice of OR in Australia. In Jordan, two studies were carried out by Smith (1986 Smith ( , 1987 . In the first, the aim was to illustrate the possible uses of OR from the experience and observations of students in Jordan. The second discussed the place of the practice of OR and possibilities of developing an interest in OR.
Business organisations have encountered many challenges from global competition as the world moves into the 21st century. Moreover, the competition in industry in developing countries and Jordan in particular has been accompanied by many serious problems, especially managerial ones. This makes it necessary to adopt scientific methods that should include the use of OR techniques. In particular, Jordan has joined the world trade organisation (WTO) and has adopted a capitalist economy and industrialisation as a policy of the country. This renders the use of OR methods as an aid in their decision-making processes very important. There are few published reports or formal evidence on the use of OR in Jordanian business (Ahmad, 1998; Al-Shaikh and Al-Shammari, 1995) . It seems sensible to try to introduce the use of OR into the country, as it has been successfully employed in developed and some developing countries. This suggests that such an investigation in this field within Jordan would be appropriate. This study evaluates the current status of the practice of OR in Jordan, hoping to foster its wider adoption.
Questionnaire design
This questionnaire was divided into the following seven sections: 1 demographic and organisational information 2 OR knowledge 3 OR usage 4 OR specialists and training 5 computing facilities 6 OR problems 7 the future of OR.
These form the basis for the work presented here.
The design of the survey was partially based on that developed by Yousef (1991) . Three different techniques were employed for collecting the surveys. An e-mail survey was designed as an excel spreadsheet attachment and sent to the targeted population, also a mail survey and a personally administered survey were employed. The study included all Jordanian industrial shareholding companies listed in the Amman Financial Market (AFM). The population frame was based on the directory published by AFM (1980) . The population consisted of 91 companies; their key personnel were targeted. While conducting the study, it was discovered that two companies had closed for economic reasons, two were dissolved and one had merged. In total, the actual population was 86 companies, with 64 responding. Responses were received from 132 individuals. The industrial companies studied are more active in their scientific research efforts; they provide a rich source of data required by researchers.
A combination of closed-and open-ended questions was used in this study. Most questions employed were of a closed type. These were adopted since OR is not well-known in Jordan and some respondents might not be able to properly answer open questions without guidance. Although closed questions were used most frequently, the freedom of the respondents to select their own responses was not restricted, since they were provided with space to write more detailed answers.
The survey was validated through pre-testing and a pilot study. The pre-testing included 11 specialist lecturers and doctoral students within the departments of business, mathematics and mechanical engineering at Newcastle University, also a general manager in a large Jordanian industrial company. The pilot study was conducted with 33 MBA students, with wide managerial experience, enrolled in 2003/4 in the Business School of Newcastle University.
During May 2003, the first batch of the main survey was circulated by e-mail to the general managers of 62 out of 86 companies, asking them to pass the survey to the appropriate person. As a result of the unexpectedly low response rate, 3 companies (5%) out of 62, the decision was made to increase the response rate by conducting a follow-up strategy. Two weeks after the first e-mail, a second batch of surveys was e-mailed to the 59 non-respondents. Only two additional responses were received. After a further two weeks, a third batch was dispatched. At this stage, the survey was mailed to 81 companies (the population minus the e-mail responses received). Three weeks after the mailing, a further 16 companies had responded. The decision was now made to use a personally administered questionnaire. During the period of June-September 2003, the survey was distributed by hand to 65 companies (population minus previous respondents). Of the 65, 47 companies replied, 3 were incomplete. Therefore, 44 of the 65 were usable responses. The key personnel were targeted; giving access to a total of 132 practitioners.
Results of the questionnaire analysis

Demographic and organisational variables
Gender distribution
The majority of respondents, 115 out of 132 (87%) were male, as expected, since these companies mainly recruit male workers. In general, male workers form the majority in most sectors in Jordan, with the exclusion of education and health. According to the Jordanian National Centre of Human Resources statistics (2004), the participation of females in the Jordanian work forces is about 14%. More than 50% of the females are concentrated in two sectors, education and health. Females represent around half of the Jordanian work force in education and one-third in health. Thomas and Da Costa (1979) found that OR staff among US firms were male who dominated with a proportion of 84%.
Age distribution
It seems that OR practitioners in Jordan are relatively young, with over 51% of the respondents being younger than 40 and a total of 82% having an age below 50. This age distribution is similar to that found in Yousef (1991) and Ahmad (1998) .
Nationality
The majority of OR practitioners (92%) were Jordanian and 5% were Arabic but nonJordanian. This is not surprising, since Jordan depends mainly on a local workforce in most sectors, particularly in senior positions.
Administrative experience
The practical experience of 46% of the respondents was less than 10 years. This result reflects the fact that the industrial sector in Jordan is new and the practical experience of the workers is necessarily relatively low. Only 26% of the respondents had practical experience of more than 15 years. These were mainly the managers and the assistant managers.
Educational level
About 69% of the respondents held bachelor degrees, 20% master degrees and 6% diploma. Only 5% of the respondents held a doctoral degree. By comparing this result with the study of Ahmad (1998) , there is a considerable increase in educational qualifications among the practitioners of OR in Jordan. This reflects the wider education revolution in the country. By comparison with UK companies, Fildes et al. (1999) found that only 37% of the members of OR groups had a first degree, 44% had postgraduate OR qualifications and 19% had other postgraduate qualifications.
Country of graduation
The study discovered that half of the respondents graduated from Jordanian Universities and Colleges, 18% graduated in Europe, 14% in other Arab countries and 14% in the USA. Undoubtedly, the wide variety of graduation countries provided the practitioners with a good knowledge of OR, especially those graduating from the US and Europe.
Educational background
About 33% of the practitioners had their degrees in engineering, 18% in business administration and 15% in accounting. This indicates that there is a lack of OR specialists in Jordanian industry. Only 3% of the respondents had graduated in OR/MS. Kwong (1986) found that engineering was the most common degree subject among practitioners of OR in Malaysian and Singaporean companies. In the USA, however, the situation is completely different. Turban (1970) reported that mathematics and statistics were the largest areas, particularly among those holding bachelor degrees. Despite the passage of 33 years since reporting this study, mathematics and statistics still occupy the largest area in most developed countries, particularly the USA.
Position of the respondents
The respondents held a range of job positions, the most common being engineer (14%), financial manager (12%), general manger (11%) and production manager (11%). The least common was internal consultant (4%) and project manager (4%). This result is expected since this sector relies on engineers more than other workers to deal with the technical nature of the job.
Nature of the business
Of the responding companies, 17% were in the plastic and chemical domain, 16% food, 15% machinery and construction and 10% electronics and electrical. Steel companies constituted only 5% of the responding companies. This result is similar to that found by Al-Tarawneh (1996) .
Size of the company
The size of the companies was measured by the number of employees. Companies with less than 500 employees constituted 83% of the responses, 6% with more than 2,000 employees. This indicates the small size of Jordanian industrial firms.
OR knowledge
Degree of OR knowledge
The nature of the questions in this survey allowed the respondents to choose more than one answer for each question. Therefore, the number of answers may differ between questions. The survey found that 99 out of 132 (75%) of the respondents were aware of OR, while 25% of them had absolutely no knowledge of OR. About 43% of the respondents claimed a moderate degree of OR knowledge and 18% a large degree of awareness. By comparing this result with a similar study conducted in the Jordanian context (Ahmad, 1998 ), it appears that there is an increase of OR awareness claimed amongst the practitioners of OR from 59% respondents with a knowledge of OR. This leads to the observation that the concepts and techniques of OR are slowly growing in the industrial sector in Jordan. This might be due to the role of the Universities in increasing the awareness of OR, since most practitioners had studied OR courses at their Universities. This strategy needs pursuing. Table 1 shows that the most popular sources of gaining OR knowledge were through taking courses in the University (70%), other training courses (37%), the use and practice of OR (33%) and finally free reading using books, papers, the internet and the like (13%). This result reflects the significant role of University education in acquiring and shaping the knowledge of OR and calls for them to pay more attention toward its teaching.
Sources of OR knowledge
By comparing this result with Ahmad (1998) , it is found that the role of University education, as a source of gaining OR knowledge, has increased. This suggests a future strategy for Universities. 
OR usage
The importance of the use of OR techniques
The survey found that of 132 respondents, 107 (81%) believed that it is important to use OR in their companies. This result has a link with the prior one concerning the degree of OR knowledge. Because the degree of knowledge was relatively high (75%) among the practitioners, this might reflect the high level of understanding of the importance of using OR in the companies operations. It is not surprising that OR professionals value their domain of expertise.
OR techniques currently used
The study found that 71 out of 132 respondents (54%) were using some form of OR techniques. In comparing the result of this survey with Ahmad (1998) , it seems that clear progress has been made in the application of OR in Jordan in the last decade. He identified that only 32% of respondents used OR, whilst this study finds 54%. Although there has been slight progress in the applications of OR, the results are far from satisfactory, especially in this significant sector in Jordan. The progress in the application of OR has been slow even with easy access to computers. Thomas and Da Costa (1979) found that 80% of 137 US corporations used OR. There is clear scope for extending the education of OR. Table 2 indicates that the most popular OR techniques used were linear programming (54%), inventory models (48%), forecasting models (45%), statistical analysis (44%), cost-benefit analysis (41%) and decision theory (34%). This is probably due to the relative simplicity of these techniques and the availability of standard software packages. Also, the context plays an important role in the choice of technique. Rahman and Smith (1990) indicated that the nature of the local problem environment determines which OR techniques are most relevant. However, non-linear programming, integer programming, reliability models and dynamic programming were the least popular. This may reflect the difficulty of these techniques and the lack of awareness of these methods among the practitioners. Again, there is a clear guide for the educators and the techniques that require additional educational input. Reliability models 4 6
Integer programming 3 4
Non-linear programming 2 3
Other 2 3
Note: Total respondents per question were 71. Kemp and Yousef (1995) found that the following techniques are the most popular in the United Arab Emirates: inventory models, forecasting models, cost-benefit analysis, statistical analysis and linear programming. Pappis (1981) arrived at a similar conclusion among Greek companies. In contrast, Kwong (1986) reported that computer simulation was the most frequently used technique in Malaysian companies. In the USA, Gaither (1975) found that 48% of 250 firms used OR. The most often used techniques were PERT/CPM, linear programming and simulation. Green et al. (1977) reported that the most frequently used techniques among 500 large US corporations were network analysis, inventory models, linear programming and statistical analysis. Forgionne (1983) reported that the most widely used techniques among US companies were statistical analysis, simulation, PERT/CPM and linear programming. Kathawala (1988) found that forecasting, break-even analysis, statistical analysis and simulation were the most popular techniques among 1,000 US organisations. In UK companies, Doukidis and Paul (1990) indicated that the most often used techniques were statistical analysis, forecasting, financial and simulation. This supports the suggestion that the techniques employed depend on factors in the local environment.
Reasons for using OR techniques
From Table 3 , the most common reasons for the adoption of OR were the suitability of the techniques for the problems examined (69%), simplicity of the techniques (54%) and accuracy of the techniques (42%). Time saving was the least common reason for adopting OR (34%). This result indicates the high awareness of practitioners to the significant role of OR, which was problem solving. In the United Arab Emirates, Kemp and Yousef (1995) arrived at a similar conclusion. In UK companies, Jeffrey and Seaton (1995) indicated that the most popular reasons for adopting OR were the appropriateness and simplicity of Approaches, again reflecting the effect of the locale. Table 4 shows that production/operations management (66%) was the most popular area for applying OR, followed by project management (51%), financial management (51%), marketing management (41%) and information management (32%). However, environmental management and knowledge management were the least popular areas. One possible explanation is that these areas are relatively new for Jordanian companies. Also, a lot of companies might not be aware of the appropriate OR techniques to these areas. Ahmad (1998) came to a similar conclusion. found that marketing had largely been ignored by OR practitioners. The situation has changed in the developed countries. In the current study, marketing unusually is one of the four most popular application areas. Practitioners must not ignore any possible outlets for their skills. 
The application areas of OR
The most useful OR techniques
The survey found that the following OR techniques were regarded as the most useful, from the practitioners' point of view: statistical analysis (46%), linear programming (45%), forecasting models (35%), inventory models (28%) and computer simulation (21%). The least used OR technique was the Markov chain (8%). This result is different from that of Ehie and Smith (1994) among 76 Nigerian companies. They indicated that the most useful techniques contributing to the success of the Nigerian firms were forecasting and inventory models. This reflects the need to match the techniques employed to the business environment.
Duration of using OR techniques
More than half of the respondents (52%) had used OR for a period of 4 years or less. About 23% for a period of 5-10 years and 25% for more than 10 years. This means that the practitioners had used OR for a relatively short period. This may reflect a lack of professional experiences in OR. This result is confirmed by that found by Ahmad (1998) . There is scope for developing courses targeted at the inexperienced practitioners. Table 5 exhibits the main reason for introducing OR was a decision from top management (66%) followed by suggestion from employees (51%), external consultants (27%) and governmental instructions (8%). This result indicates that the companies had freedom to take their own decisions without any governmental intervention. It is surprising that the role of the employees in introducing OR was so high. Yousef (1991) came to a similar conclusion. Idama and Tomlinson (1986) indicated that the introduction of OR into organisations was a policy decision mainly taken by top management in developing countries. Obviously any route that encourages the implementation of OR techniques should be pursued. Table 6 shows that improving the decision-making process was the main benefit achieved by employing OR (79%), followed by improving the productivity of the company (55%), time saving (54%), decreased cost (42%) and increase in the profitability of the company (35%). Only 6% of respondents indicated that there were no benefits achieved from using OR. Yousef (1991) arrived at a similar result. Ahmad (1998) ranked time saving third and decreased cost fourth. It would be interesting to explore the minority who see no benefit, why do they still use the techniques? 
Purposes for introducing OR techniques
Benefits achieved by employing OR techniques
Methods employed to introduce OR techniques
From Table 7 , it is clear that the majority of the respondents (72%) reported that no organised or formal methods were used to introduce OR. About 13% indicated the establishment of a specific section and only 10% of the respondents reported employing a consulting company. This result leads to the conclusion that there were very few specific methods and practical procedures employed to introduce OR. Therefore, OR as a discipline is scattered and individually practiced. It would seem that more cohesion of the discipline is desirable.
Table 7
Methods employed to introduce OR techniques
Method Frequency Percentage
No recognised or formal methods 51 72
Establish a specific section 9 13
Employ an external consulting company 7 10
Other 4 6
Note: Total respondents per question were 71.
Types of departments using OR techniques
As shown in Table 8 , the production/operation department took the lead in using OR (46%), followed by finance (34%), engineering (30%), marketing (28%) and computer and information system (24%). On the other hand, human resources (17%) was the department that least employed OR. Based on the following studies (Gunawardane, 1991; Sculli and Yau, 1986) one would expect production to be the department most frequently using OR and human resources the least. These results should be compared with the application areas of OR (Section 3.3.4) previously discussed. There is a difference between discipline employing OR and the relevant technical department, however, production and operations top both lists. Production is so popular because it involves both physical operations and material flows, where problems are inherently quantitative, while human resource is primarily concerned with rules, regulations, welfare systems and the like. Might there be techniques that could be imaginatively employed in novel departments? Table 9 reveals that 77% of the respondents were using subjective judgement as the main type of traditional technique, besides using some form of modern OR procedures. This was followed by previous experience (71%), committee (67%), external consultant (17%), common sense and intuition (11%) and trial and error (7%). It appears that the significant role of committees in decision making is encouraging. Trial and error came at the bottom of the list. This was expected since this technique is not beneficial to today's companies, which encounter competition and need appropriate techniques to deal with their problems. Ahmad (1998) ranked the techniques as: subjective judgement, previous experience and common sense. Yousef (1991) ranked them as: subjective judgement, common sense and previous experience. People will often fall back on tried and tested methods; we must ensure they are open to alternate techniques. Common sense and intuition 15 11
Types of traditional techniques used
Trial and error 9 7
Other 3 2
Note: Total respondents per question were 132.
Availability of OR departments
It was found that of the 71 respondents who used OR, only 7 (10%) had an OR department engaged in OR activities. Al-Shaikh and Al-Shammari (1995) and Ahmad (1998) reported that there was no department for OR in Jordanian industrial organisations. Chen and Wei (2002) found that 19% of Taiwanese companies have an OR department. In the USA, Thomas and Da Costa (1979) concluded that 110 out of 137 US companies (80%) used OR. About 53 out of 110 (48%) of the companies had an OR department. Establishment of a specialist department should pay dividends.
Types of OR training
From Table 10 , one can see that the majority of the respondents (90%), who used OR, indicated that no training in OR was offered in their companies. About 7 out of 71 (10%) of the respondents had training in OR, of which 6 out of 7 (86%) had internal training and 5 out of 7 (71%) had external non-governmental training. This result reflects a severe lack of training in OR. This needs a major initiative from the companies to establish OR departments and provide them with sufficient OR professionals. It may also provide an opening for Universities.
Table 10
Types of OR training
Types of OR training Frequency Percentage
No training programmes in OR 64 90
Internal training 6 86
External non-governmental 5 71
External governmental 3 43
Other 2 29
Note: Total respondents per question were 71 for the first question and 7 for the remaining.
The number of professional staff in OR departments
The study found that 4 respondents out of 7 (57%), who had an OR department, reported that the number of OR professionals was 3 or less. While 2 out of 7 (29%) indicated that the number was between 4 and 8. Only 14% of the respondents reported that the size was between 9 and 15. This indicates a lack of professional OR staff among Jordanian industrial companies. In US companies, Thomas and Da Costa (1979) found that the average number of OR professionals was 11. Companies need persuading of the importance of this discipline and its potential impact on the bottom line.
Most commonly used name for the OR department
It was found that 4 respondents who had an OR department out of 7 (57%) reported that statistical methods were the most commonly used name for the OR department, followed by OR (29%) and MS (14%). This result is different from that found in Turban (1970) , Radnor and Neal (1973) and Thomas and Da Costa (1979) . The change may be due to comparing developed and developing countries, or possibly because this work is more recent. Is statistics really part of OR or should companies view these as separate but related departments?
Name of department in charge of OR activities
From Table 11 , it can be seen that the most popular department in charge of OR activities is industrial engineering (38%), followed by statistics (35%), planning (32%), office of the general manager (17%) and OR/MS department (11%). This result is different from that of Chen and Wei (2002) , who indicated that the companies mainly use the complaints department for solving their problems. Consulting firms and research institutions have also been utilised, but less frequently. This is because consulting firms and special research institutions are not popular in Jordan, as companies usually consult Universities when encountering problems. May cost be driving this strategy? 
Computing availability
The survey found that 120 out of 132 (91%) of the respondents had computers. About 67% had personal computers, 20% had a minicomputer and 5% had access to a main frame. This result reflects the widespread use of computers in the companies surveyed.
There is slight progress in using computers in industrial companies in Jordan as compared with the result found in Ahmad (1998) . This is also similar to that found by Kemp and Yousef (1995) and Ehie and Smith (1994) . Presumably as equipment continues to decline in price its adoption will increase.
Degree of computer usage in OR activities
The study reveals that 40 out of 71 (56%) of the respondents had used a computer in OR, 19 out of 40 (48%) had used the computer to a moderate degree and 11 out of 40 (28%) to a minimal degree. It appeared that 10 out of 40 (25%) of them employed the computer to an extensive degree. Pappis (1981) indicated that computer usage was reported at an 83% rate in Greek firms. In Nigeria, Ehie and Smith (1994) reported computer usage at a 43% rate. In Jordan, computer usage in OR seems to be moderate. This finding may well be related to the availability of appropriate software.
Types of OR software packages
Half of the respondents, using computers in OR projects, used standard statistical packages such as SPSS, SAS and the like. About 28% of respondents used standard packages for OR such as Lindo, Lingo and the like. Only 13% of the users had developed their own software. Abdel-Malek et al. (1999) found that a spreadsheet is the most relevant software package for the implementation of OR in US companies, followed by statistical packages. Barton (1988) reported that 93% of the Australian Society of OR members were using computer packages and OR software in their work. Are users aware of the risks inherent in naively using spreadsheets?
Types of problems in using OR techniques
It is found that 17% of the respondents indicated that no problems were encountered in using OR. However, the majority (83%) encountered problems in using OR. Technical problems were the most common (41%), followed by financial (30%) and administrative (27%). This is expected, since the nature of the industrial sectors is technical and therefore, most problems undoubtedly come from this side. This result is a cause of great concern. As educators and practitioners, we can at least address the technical problems. Table 12 reveals that 14% of the respondents maintain that no difficulties were encountered in the implementation of OR. The remainder suggested that they faced some problems such as shortage of finance, staff, time and technological resources (54%). This is followed by resistance to change by the employees (38%), lack of users understanding (34%), lack of top managements support (25%) and lack of commitment by users (20%).
Difficulties encountered in the implementation of OR
Solutions that are outdated due to a lack of current information were ranked at the bottom of the list. The most surprising point is that the lack of management support was ranked in a medium position in the list. This is in contrast to most comparable studies, such as and Thomas and Da Costa (1979) . This issue is of great importance to the OR practitioners. It is possible that this result may reflect a fear of reprisals from top management. Some top-down education is probably called for. No difficulties 10 14
Solution outdated due to lack of current information 4 6
Other difficulties 3 4
Reasons for not using OR techniques
There are a number of factors that hinder the widespread adoption of OR. Table 13 shows that 61 out of 132 (46%) of the respondents are not currently using any form of OR.
A lack of OR professionals was the most common reason for the non-use of OR (82%), followed by lack of OR awareness (57%), lack of interest among executives (54%) and finally unfamiliarity with OR (38%). The following aspects formed less popular reasons for not using these techniques: lack of computer facilities (23%), not applicable to the company's activities (20%) and not used by similar companies (18%). The first three reasons may be attributed to the narrow view of OR; this is, perhaps being theoretically based rather than being based on the experience of applying it to real problems. Another surprising point emerging here is that around a quarter of non-users (23%) indicated that OR is not necessary for their company's activities; this is somewhat discouraging to the OR profession. However, this reason can be reduced and controlled through education. This may be achieved by spreading the concept and techniques of OR to students in business schools, engineering and other related departments. Furthermore, extensions of the training of OR are also very necessary and this can be achieved through further efforts of OR educators in the Universities. Comparing with Ahmad (1998) , the study revealed that the lack of computer facilities, as a reason for not using OR, has decreased. found that the reasons for not using OR were that respondents had never heard of OR, it was not necessary and a lack of professionals. In the USA, Fabozzi and Valente (1976) reported that the most popular reasons were cost, lack of understanding by top management and lack of qualified personnel. Green et al. (1977) found that the main barrier was related to a lack of OR knowledge. Naude et al. (1991) indicated that the barriers were, a lack of time, lack of OR knowledge and also a lack of data all of which inhibited more frequent use. As previously suggested, there is great scope for OR education. Table 14 shows that 62% of the respondents believed that the involvement of the OR department in the companies future is going to increase, where 28% believed that it will remain unchanged. Only 6% of the practitioners had the view that OR will be applied less in the future and the role of OR department will decrease. This result reflects a positive perspective on the future of OR. An open question was posed to the respondents about their expectation for the future development of OR in their companies. The majority indicated that much progress might be achieved and an increase expected in OR applications. Taking some serious action regarding enhancing industrial and academic cooperation can develop this. The respondents stressed this cooperation in order to make the practice of OR successful. This will enhance the understanding of other problems and motivate their development. They also stressed the need to create awareness and interest of OR applications among the practitioners of these techniques. In general, most of the practitioners seem to agree that the practice of OR is still growing and the future of OR will be bright. This result is similar to that found in Hovey and Wagner (1958) . 
The future of OR
Conclusion
OR has been widely applied to solve real-world problems in many countries for many decades. In this study, the current status and future perspective of OR practice in Jordanian industrial shareholding companies were investigated. The study mainly conducted by using a questionnaire was directed to all Jordanian industrial shareholding companies (86 companies). The total usable returns were 65, yielding a response rate of 76%. There is quite a good level of awareness of OR and a reasonable level of usage. However, OR is not used as a company policy; rather it is used by individuals within these companies. There is a lack of specialised personnel, specialised OR departments, training programmes in OR and management interest in OR. It appears that certain OR techniques are more appropriate to Jordanian decision makers, in that they do not require large computing facilities or specialised personnel. These techniques are less sophisticated and not heavily grounded in mathematics. Although the use of OR in Jordan is still relatively limited, it appears that it will become better understood and more widely used in the future. Consequently, the future of OR in the country is bright. The current study was confined to the industrial companies and therefore, was not representative of all business sectors in Jordan. Further research into the application of OR techniques in different sectors in the country would be of interest, as the publication of such research would undoubtedly allow the comparison of these sectors in order to understand the whole picture of the practice of OR in Jordan. Furthermore, a comparative study of the use of OR and other related aspects in Jordan with that in other well-established Arab countries would be valuable. This would enable us to see if there is any relationship between the political, economic, social and administrative environment and the adoption of OR.
